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CLAIMS : 
CLMS (1) 
We claim: 



1. A DNA construct encoding a chimeric protein, said DNA construct 
comprising a first nucleotide sequence encoding a leukotoxin polypeptide 
capable of activating helper T-cells directed to a selected antigen, 
operably linked to a second nucleotide sequence encoding said selected 
antigen. 



CLMS (2) 

2. The DNA construct of claim 1 wherein said second nucleotide sequence 
encodes somatostatin (SRIF) , or an epitope thereof. 

CLMS (3) 

3. The DNA construct of claim 2 comprising the nucleotide sequence 
depicted in SEQ ID NO : 9 . 

CLMS (4) 

4. The DNA construct of claim 1 wherein said second nucleotide sequence 
encodes gonadotropin releasing hormone (GnRH) comprising the amino acid 
sequence Gln-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly, or an epitope thereof. 

CLMS (5) 

5. The DNA construct of claim 4 comprising the nucleotide sequence 
depicted in SEQ ID NO: 11. 

CLMS ( 6 ) 

6. The DNA construct of claim 1 wherein said second nucleotide sequence 
encodes bovine rotavirus VP4, or an epitope thereof. 

CLMS {7) 

7. The DNA construct of claim 6 comprising the nucleotide sequence 
depicted in SEQ ID NO: 13. 

CLMS ( 8 ) 

8. An expression cassette comprised of: 

(a) the DNA construct of claim 1; and 

(b) control sequences that direct the transcription of said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS ( 9 ) 

9. An expression cassette comprised of: 

(a) the DNA construct of claim 2; and 

(b) control sequences that direct the transcription said construct 
whereby said construct can be transcribed and translated in a host 



cell. 
CLMS (10) 

10. An expression cassette comprised of: 

(a) the DNA construct of claim 4; and 

(b) control sequences that direct the transcription said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS (11) 

11. An expression cassette comprised of: 

(a) the DNA construct of claim 6; and 

(b) control sequences that direct the transcription said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS (12) 

12. A host cell stably transformed with the expression cassette of claim 
8. 

CLMS (13) 

13. A host cell stably transformed with the expression cassette of claim 
9. 

CLMS (14) 

14. A host cell stably transformed with the plasmid of claim 10. 
CLMS (15) 

15. A host cell stably transformed with the plasmid of claim 11. 
CLMS (16) 

16. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 12; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 

CLMS (17) 

17. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 13; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 

CLMS (18) 

18. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 14; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 

CLMS (19) 

19. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 15; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 



i 
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CLAIMS : 
CLMS ( 1 ) 
We claim: 

1 A chimeric protein comprising a leukotoxin polypeptide fused to a 
multimer havin/more than one selected GnRH P^«Ptxde ; Whereby said 
leukotoxin portion of said chimeric protein acts to increase the 
immunogenicity of said GnRH multimer. 

CLMS (2) 

2. The chimeric protein of claim 1 wherein said leukotoxin polypeptide 
lacks leukotoxic activity. 

CLMS ( 3 ) 

3. The chimeric protein of claim 2 wherein said leukotoxin is LKT 352. 
CLMS ( 4 ) 

4. The chimeric protein of claim 2 wherein said leukotoxin is LKT 111. 
CLMS ( 5 ) 

5 The chimeric protein of claim 1 wherein said GnRH multimer comprises 
a molecule according to the general formula GnRH-X-GnRH wherein X is 
selected from the group consisting of a peptide linkage, an amino acid 
Spacer group, a leukotoxin polypeptide and [GnRH]. sub. n where n is 
greater £han or equal to 1, and further wherein GnRH comprises any GnRH 
polypeptide . 

CLMS (6) 

6 The chimeric protein of claim 5 wherein X comprises an amino acid 
spacer group including at least one helper T-cell epitope. 

CLMS (7) 

7. The chimeric protein of claim 1 wherein said ch imeric protein 
comprises the amino acid sequence depicted in FIGS. 5A-5h, SEQ ID 
NOS:7-8 . 

CLMS ( 8 ) 

8. The chimeric protein of claim 1 wherein said chloric protein 
comprises the amino acid sequence depicted m FIGS. 7A-7E, SEQ ID 
NOS:9-10. 

CLMS ( 9 ) 

9. A vaccine composition comprising the chimeric protein of claim 1 and 
a pharmaceutical^ acceptable vehicle. 

CLMS (10) 



10 R vaccins cojsitioh ^.inj - — — " °™ * 
a P hal.ceuticaUy ^c.pt.01. vehicle. 



CLMS(H) , . m s and 

u A vaccine exposition comprising the chimeric protein of claim 
a pharmaceutical^ acceptable vehicle. 



CLMS(12) _ d 

12 ft va cel„e co^sitioh «,n.lJJ - " — °' 

, pha^ceutically acceptable vehicle. 



CLMS(13) 



13 ft ,.=., -position cousin, the chi*e t ic P~tei„ o £ clai» 
. pharmaceutical^ acceptable vehicle. 



CLMS (14) 



14 . A method for P-senting a selected OnHH rf lti T er -^fvaccine 
comprising administering to said sub 3 ec 
composition according to claim 9. 



CLMS(15) 



comprising administering ^ 

composition accoramy 



CLMS (16) 



16 . A method for presenting . .selected -KH multimer to^-3^ 
comprising administering to said subject an 
composition according to claim 11. 



CLMS (17) 



17 . a method for presenting . .selected --multi- to-u^ec^^^ 
comprising administering "id sub] 
composition according to claim 12. 



CLMS (18) 



18 . A method for presenting ; .selected -H^ltimer to^su^ec vaccine 
comprising administering to said sub D 
composition according to claim 13. 



CLMS (19) 

19 . a chimeric protein comprisinc , . l;^^Mn^h. M C-t.rMnu. 

m ultimer having eight selected Gn ™ POlypepti of the mult imer. 

of the leukotoxin polypeptide is fusea 

CLMS(20) , .. . 

• f rl aim 19 wherein the leukotoxin polypeptide 

20 . The chi-eric protein of clai^l^,^^^^^ 

comprises the 52 KU 1.JM j-j-* 



CLMS (21) 

21 . A chimeric protein comprising ; a leukotoxir ^^^^nu. 
m ultimer having eight -lef^^^^Ss'of the leukotoxin polypeptide, 
of the multimer is fused to tne 



CLMS (22) 
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CLAIMS : 
CLMS ( 1 ) 
We claim: 



1. A Citric protein comprising . ^SiriJ"" 
and second multimers, wherein the c-terminus of tne I N _ tecmi „us 
fused to the N-t.i^nu».o£ the leukotoxin peptide .na 

than one selected GnRH polypeptide. 
CLMS ( 2 ) 

formula [GnRH-X-GnRH] .sub.n, wherein: 
GnRH comprises a GnRH polypeptide; DeDt ide linkage, an amino 

X is selected from the group consisting of a peptide iinx g , 

acid spacer group and a leukotoxin polypeptide; and 
n is an integer greater than or equal to 1. 

CLMS (3) 

formula [GnRH-X-GnRH] . sub.n, wherein: 
GnRH comprises a GnRH polypeptide; _„n Hc . l -i nkaae, an amino 

X is selected from the group consisting of ^peptide xin g 

acid spacer group and a leukotoxin polypeptide, and 
n is an integer greater than or equal to 1. 

CLMS (4) 

4. The chimeric protein of claim 3 wherein X is an amino acid spacer 
group having at least one helper T-cell epitope. 

CLMS (5) 

5. The chimeric protein of claim 3 wherein n is 4. 
CLMS (6) 

6. The chimeric protein of claim 1 wherein the leukotoxin polypeptide 

lacks cytotoxic activity. 

CLMS ( 7 ) 

7. The chimeric protein of claim 6 wherein the ^^oxi^polgeptide 
the polypeptide depicted at amino acid residues 11 923 of SEQ id 

CLMS (8) 

8. The chimeric protein of claim 6 wherein the ljujcotoxin pol^ide 
• the polypeptide depicted at amino acid residues 11-491 of SEQ id 



CLMS(9) 

9 . Th e chimeric protein of claim 6 wherein the leuKotoxin polypeptide » 
SEQ ia NO:L7. 



CLMS (10) 



NO: 21) fused to the N-terminus thereof. 



CLMS (11) 



CLMS (12) 

12 A vaccine composition comprising the chimeric protein of claim 1 and 
a pharmaceutical^ acceptable vehicle. 

CLMS (13) 

13 A vaccine composition comprising the chimeric protein of claim 3 and 
a pharmaceutical^ acceptable vehicle. 

CLMS (14) 

14 A vaccine composition comprising the chimeric protein of claim 5 and 
a pharmaceutical^ acceptable vehicle. 

CLMS (15) 

15 A vaccine composition comprising the chimeric protein of claim 6 and 
a pharmaceutical^ acceptable vehicle. 

CLMS (16) 

16 A vaccine composition comprising the chimeric protein of claim .11 
and' a pharmaceutical^ acceptable vehicle. 

CLMS (17) 

17 . A method for presenting selected ^ H mult i-- to a sub je ct^ 
comprising administering to said subject an effectiv 
vaccine composition according to claim 12. 

CLMS (18) 

vaccine composition according to claim 13. 
CLMS (19) 

vaccine composition according to claim 14. 
CLMS (20) 

vaccine composition according to claim 15. 



CLMS (21) 



vaccine composition according to claim 16. 
CLMS(22) 

tie vaccine composition of claim 12 to said subject. 
CLMS (23) 



U 
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CLAIMS : 
CLMS ( 1 ) 
We claim: 

1. An immunological carrier system comprising a chimeric protein, said 
chimeric protein consisting of a leukotoxin molecule which lacks 
leukotoxic activity, fused to somatostatin (SRIF) , whereby said 
leukotoxin of said chimeric protein acts to increase the immunogenicity 
of said SRIF. 

CLMS (2) 

2. The carrier system of claim 1 wherein said chimetic protein consists 
of the amino acid sequence depicted in FIG. 6 (SEQ ID NO:8). 

CLMS (3) 

3. A vaccine composition comprising the chimetic protein of claim 1 and 
a pharmaceutically acceptable vehicle. 

CLMS ( 4 ) 

4. A method for presenting a selected antigen to a subject comprising 
administering to said subject an effective amount of a vaccine 
composition according to claim 3. 

CLMS (5) 

5. An immunological carrier system comprising a chimeric protein, said 
chimeric protein consisting of a leukotoxin molecule which lacks 
leukotoxic activity, fused to gonadotropin releasing hormone (GnRH) , 
whereby said leukotoxin of said chimeric protein acts to increase the 
immunogenicity of said GnRH. 

CLMS (6) 

6. The carrier system of claim 5 wherein said chimeric protein consists 
of the amino acid sequence depicted in FIG. 8 (SEQ ID NO: 9). 

CLMS ( 7 ) 

7. A vaccine composition comprising the chimeric protein of claim 5 and 
a pharmaceutically acceptable vehicle. 

CLMS ( 8 ) 

8. A method for presenting a selected antigen to a subject comprising 
administering to said subject an effective amount of a vaccine 
composition according to claim 1. 

CLMS (9) 

9. An immunological carrier system comprising a chimetic protein, said 
chimetic protein consisting of a leukotoxin molecule which lacks 
leukotoxic activity, fused to bovine rotavirus VP4, whereby said 
leukotoxin of said chimeric protein acts to increase the immunogenicity 



of said VP4. 



CLMS (10) 



iT.'ih'S carrier system of claim 9 wherein said ^i-tic protein consists 
of the amino acid sequence depicted in FIG. 10 (SEQ ID NO.iu, 

CLMS (11) 

11. A vaccine composition comprising the chimetic protein of claim 9 and 
a pharmaceutical^ acceptable vehicle. 

CLMS (12) 

12 A method for presenting a selected antigen to a subject comprising 
admin?s"rlng to said subject an effective amount of a vaccine 
composition according to claim 11. 
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ABSTRACT : 

New immunological carrier systems, DNA encoding the same, and the use of 
these systems, are disclosed. The carrier systems include chimeric 
proteins which comprise a leukotoxin polypeptide fused to a selected 
antigen. The leukotoxin functions to increase the immunogenicity of the 
antigen fused thereto. 

12 Claims, 10 Drawing Figures 



^ ■ ,, aim 01 wherein the leukotoxin polypeptide 

22 The chimeric protein of claim 21, wnerein 
comprises the 52 kD LKT 111 carrier polypeptide. 

CLMS (23) 

23 A vaccine composition comprising the chimeric protein of claim 19 
and' a pharmaceutical^ acceptable vehicle. 

CLMS (24) 

24 A vaccine composition comprising the chimeric protein of claim 20 
and' a pharmaceutical^ acceptable vehicle. 

CLMS (25) 

25 A vaccine composition comprising the chimeric protein of claim 21 
and' a pharmaceutical^ acceptable vehicle. 

CLMS (26) 

26 A vaccine composition comprising the chimeric protein of claim 22 
and 'a pharmaceutical^ acceptable vehicle. 
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CLAIMS : 
CLMS (1) 

1 claim: 

CLMS ( 2 ) 

2 The vaccine composition of claim 1 wherein the composition further 
comprises a saline extract of P. haemolytica. 

CLMS (3) 

^-f <~iaim 1 further comprising an adjuvant. 

3. The vaccine composition of claim i iuiuici ^ 

CLMS (4) 

4. The vaccine composition of claim 2 further comprising an adjuvant. 
CLMS (5) 

CLMS (6) 

6. isolated P. haemolytica leukotoxin 352 (LKT 352), having the amino 
acid sequence depicted in FIG. 5. 

CLMS (7) 



7 - A p s :id n me?^^ 

™f comSsftloraccording to claim 1 effective to produce an 
Immunological response, to said ruminant subject. 



CLMS (8) 

8. A method for preventing or -eliorating^respiratory ^"t^a 
ruminant subject, said method comprising ^^er^g ^ an 

MOT^r^iS-^t subject. 



(b) control sequences that direct the transcription said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS (12) 

12. A host cell stably transformed with the expression cassette of claim 
8. 

CLMS (13) 

13. A host cell stably transformed with the expression cassette of claim 
9. 

CLMS (14) 

14. A host cell stably transformed with the plasmid of claim 10. 
CLMS (15) 

15. A host cell stably transformed with the plasmid of claim 11. 
CLMS (16) 

16. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 12; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 

CLMS (17) 

17. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 13; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 

CLMS (18) 

18. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 14; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 

CLMS (19) 

19. A method of producing a recombinant polypeptide comprising: 

(a) providing a population of host cells according to claim 15; and 

(b) growing said population of cells under conditions whereby the 
polypeptide encoded by said expression cassette is expressed. 
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CLAIMS : 

CLMS ( 1 ) 

I claim: 

1. A vaccine composition comprising P. haemolytica leukotoxin 352 
(LKT 352), as depicted in FIG. 5 and a pharmaceutically acceptable 
vehicle. 

CLMS ( 2 ) 

2. The vaccine composition of claim 1 wherein the composition further 
comprises a saline extract of P. haemolytica. 



"CLMS<3) 



3. The vaccine composition of claim 1 further comprising an adjuvant. 
CLMS ( 4 ) 

4. The vaccine composition of claim 2 further comprising an adjuvant. 
CLMS ( 5 ) 

5. A vaccine composition comprising a pharmaceutical^ acceptable 
vehicle, an adjuvant, P. haemolytica leukotoxin 352 (LKT 352), as 
depicted in FIG. 5, and a saline extract of P. haemolytica. 

CLMS (6) 

6. Isolated P. haemolytica leukotoxin 352 (LKT 352), having the 
amino acid sequence depicted in FIG. 5. 

CLMS ( 7 ) 

7. A method for preventing or ameliorating respiratory disease in a 
ruminant subject, said method comprising administering an amount of a 
vaccine composition according to claim 1 effective to produce an 
immunological response, to said ruminant subject. 

CLMS ( 8 ) 

8. A method for preventing or ameliorating respiratory disease in a 
ruminant subject, said method comprising administering an amount of a 
vaccine composition according to claim 4 effective to produce an 
immunological response, to said ruminant subject. 
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CLAIMS: 

CLMS ( 1 ) 

The embodiments of the invention in which an exclusive property or 
provilege is claimed are defined as follows: 

1. A process for producing a non-toxic inactive cytotoxin specific for 
ruminant leukocytes comprising the steps of: 

(A) culturing an inoculum of Pasteurella haemolytica having an optical 
density of about 0.18 measured at a wavelength of 525 nm, in a 
serum-free medium for a period in the range of 1.5 to 3 hrs, so as to 
produce said cytotoxin; 

(B) periodically measuring the optical density of said serum-free 
medium; 

(C) upon detecting a value for the optical density of about 0.37, 
measured at a wavelength of 525 nm, which indicates the phase of 
logarithmic growth of the cells when an optimum concentration of 
cytotoxin is produced in said serum-free medium, separating supernatant 
liquid containing said cytotoxin from the resulting culture; 

(D) separating solids, including any of said cells, from the resulting 
supernatant liquid so as to obtain a Pasteurella haemolytica 
serum-free, cell-free solution of said cytotoxin which is essentially 
endotoxin-f ree . 

CLMS (2) 

2. The process of claim 1, additionally comprising step (E) : 

adding serum to the resulting solution of step (D) so as to stabilize 
said cytotoxin for the purpose of analysis of toxic activity. 



1. A DNA construct encoding a chimeric protein, said DNA construct 
comprising a first nucleotide sequence encoding a leukotoxin 
polypeptide capable of activating helper T-cells directed to a selected 
antigen, operably linked to a second nucleotide sequence encoding said 
selected antigen. 

CLMS (2) 

2. The DNA construct of claim 1 wherein said second nucleotide sequence 
encodes somatostatin (SRIF) , or an epitope thereof. 

CLMS (3) ' 

3. The DNA construct of claim 2 comprising the nucleotide sequence 
depicted in SEQ ID NO: 9. 

CLMS ( 4 ) 

4. The DNA construct of claim 1 wherein said second nucleotide sequence 
encodes gonadotropin releasing hormone (GnRH) comprising the amino acid 
sequence Gln-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly, or an epitope thereof. 

CLMS ( 5 ) 

5. The DNA construct of claim 4 comprising the nucleotide sequence 
depicted in SEQ ID NO: 11. 

CLMS (6) 

6. The DNA construct of claim 1 wherein said second nucleotide sequence 
encodes bovine rotavirus VP4 , or an epitope thereof. 

CLMS ( 7 ) 

7. The DNA construct of claim 6 comprising the nucleotide sequence 
depicted in SEQ ID NO: 13. 

CLMS ( 8 ) 

8. An expression cassette comprised of: 

(a) the DNA construct of claim 1; and 

(b) control sequences that direct the transcription of said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS ( 9 ) 

9. An expression cassette comprised of: 

(a) the DNA construct of claim 2; and 

(b) control sequences that direct the transcription said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS (10) 

10. An expression cassette comprised of: 

(a) the DNA construct of claim 4; and 

(b) control sequences that direct the transcription said construct 
whereby said construct can be transcribed and translated in a host 
cell. 

CLMS (11) 



11. An expression cassette comprised of: 
(a) the DNA construct of claim 6; and 
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CLAIMS :* 
CLMS ( 1 ) 
We claim: 

1 A chimeric protein comprising a leukotoxin polypeptide fused to 
first and second multimers, wherein the C-terminus of the first multimer 
is fused to the N-terminus of the leukotoxin polypeptide and the 
N-terminus of the second multimer is fused to the C-terminus of the 
leukotoxin polypeptide, and further wherein each of said multimers 
comprises more than one selected GnRH polypeptide. 

CLMS ( 2 ) 

2 The chimeric protein of claim 1 wherein the first and second GnRH 
multimers are different and comprise molecules according to the general 
formula [GnRH-X-GnRH] .sub.n, wherein: 

GnRH comprises a GnRH polypeptide; 

X is selected from the group consisting of a peptide linkage, an amino 

acid spacer group and a leukotoxin polypeptide; and 
n is an integer greater than or equal to 1. 

CLMS ( 3 ) 

3 The chimeric protein of claim 1 wherein the first and second GnRH 
multimers are the same and comprise molecules according to the general 
formula [GnRH-X-GnRH] . sub . n, wherein: 

GnRH comprises a GnRH polypeptide; 

X is selected from the group consisting of a peptide linkage, an ammo 

acid spacer group and a leukotoxin polypeptide; and 
n is an integer greater than or equal to 1. 

CLMS ( 4 ) 

4. The chimeric protein of claim 3 wherein X is an amino acid spacer 
group having at least one helper T-cell epitope. 

CLMS ( 5 ) 

5. The chimeric protein of claim 3 wherein n is 4. 
CLMS (6) 

6. The chimeric protein of claim 1 wherein the leukotoxin 
polypeptide lacks cytotoxic activity. 

CLMS ( 7 ) 

7 The chimeric protein of claim 6 wherein the leukotoxin 
polypeptide is the polypeptide depicted at amino acid residues 11-923 of 
SEQ ID NO: 6. 

CLMS ( 8 ) 



8 The chimeric protein of claim 6 wherein the leukotoxin 
polypeptide is the polypeptide depicted at amino acid residues 11-491 of 



SEQ ID NO: 10. 



CLMS ( 9 ) 

9. The chimeric protein of claim 6 wherein the leukotoxin 
polypeptide is SEQ ID NO: 17. 



CLMS (10) 



10 The chimeric protein of claim 3 wherein the first multimer further 
comprises the amino acid sequence (Met-Ala-Thr-Val-Ile-Asp-Arg-Ser SEQ ID 
NO: 21) fused to the N-terminus thereof. 



CLMS (11) 



11 The chimeric protein of claim 1 comprising the amino acid sequence 
depicted in FIGS. 9-1 through 9-6 (SEQ ID NO:15 and SEQ ID NO:16). 



CLMS (12) 



12. A vaccine composition comprising the chimeric protein of claim 1 and 
a pharmaceutical^ acceptable vehicle. 



CLMS (13) 



13. A vaccine composition comprising the chimeric protein of claim 3 and 
a pharmaceutical^ acceptable vehicle. 



CLMS (14) 



14. A vaccine composition comprising the chimeric protein of claim 5 and 
a pharmaceutical^ acceptable vehicle. 



CLMS (15) 

15. A vaccine composition comprising the chimeric protein of clai 
a pharmaceutical^ acceptable vehicle. 



CLMS (16) 

16. A vaccine composition comprising the chimeric protein of c 
and a pharmaceutical^ acceptable vehicle. 



CLMS (17) 

17 A method for presenting selected GnRH multimers to a subjec 
comprising administering to said subject an effective amount of 
vaccine composition according to claim 12. 



CLMS (18) 

18 A method for presenting selected GnRH multimers to a subjec 
comprising administering to said subject an effective amount of 
vaccine composition according to claim 13. 



CLMS (19) 

19 A method for presenting selected GnRH multimers to a subje* 
comprising administering to said subject an effective amount of 
vaccine composition according to claim 14. 



CLMS (20) 

20. A method for presenting selected GnRH multimers to a subje- 
comprising administering to said subject an effective amount of 
vaccine composition according to claim 15. 



CLMS (21) 

21 A method for presenting selected GnRH multimers to a subject 
comprising administering to said subject an effective amount of the 
vaccine composition according to claim 16. 

CLMS (22) 

22 A method for reducing the incidence of mammary tumors in a mammalian 
subject comprising administering a therapeutically effective amount of 
the vaccine composition of claim 12 to said subject. 

CLMS (23) 

23 A method for reducing the incidence ,of mammary tumors in a mammalian 
subject comprising administering a therapeutically effective amount of 
the vaccine composition of claim 16 to said subject. 
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CLAIMS : 
CLMS ( 1 ) 
We claim: 

1. A method for producing a mutation in a particular region of DNA of a 
p haemolytica genome comprising the step of: 

isolatinq said region of the genome from P. haemolytica; 

introducing a mutation into said region to form a mutated DNA region; 

introducing said mutated, DNA region into a P. haemolytica cell which 
does not express a Phal restriction endonuclease, to form 
transf ormants; and . 

screening said transf ormants for those which have said mutation in said 
region on chromosomal DNA of said P. haemolytica cell. 

CLMS (2) 

2 The method of claim 1 wherein said P. haemolytica cell which does not 
express a Phal restriction endonuclease is a natural isolate. 

CLMS (3) 

3 The method of claim 1 wherein said P. haemolytica cell which does not 
express a Phal restriction endonuclease is a mutant made by chemical 
mutagenesis . 

CLMS ( 4 ) 

4 The method of claim 1 wherein said P. haemolytica cell which does not 
express a Phal restriction endonuclease is a mutant made by a process 
comprising: 

isolating a region of a genome from P. haemolytica; 

introducing a mutation into said region to form a mutated DNA region, 
methylating said mutated DNA region with a methylating enzyme which 
inhibits endonuclease cleavage at a recognition sequence selected from 
the group consisting of 5 1 -GATGC-3 ' and 5 1 -GCATC-3 ' , to form methylated 

introducing said methylated DNA into a P. haemolvtica cell to form 
transformants; and . n • 

screening said transformants for those which have said mutation in said 
region on chromosomal DNA of said P. haemolvtica cell. 

CLMS ( 5 ) 
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